An interesting development in the entrepreneurial economy is the rise in both number and diversity of roles played by designers. Be it as consultants, contractors, educators, founders or funding decision-makers, design skills seem to be increasingly attractive to entrepreneurial teams, accelerator programs and venture capital. This exploratory study asks whether the practices, cognitive processes and mindsets prevalent in a formal design education help in the formation of entrepreneurial opportunities. Using a visual narrative approach, it compares the processes through which entrepreneurial opportunities were formed by 14 Chilean founders from design and non-design backgrounds, with the purpose of identifying how design thinking contributes to, hinders, or fails to support those processes. Findings suggest that collaborative work styles, thinking by doing and reflective reframing have the greatest positive impacts on opportunity formation, regardless of the disciplinary background of founders. Design thinking does not seem to provide a clear understanding of value creation and resource leveraging. The study finds parallels between design thinking and opportunity formation that can be drawn upon to improve development of entrepreneurial competencies among designers.
Introduction
Entrepreneurship has become an important part of the global economy, with close to fifty percent of companies on the Fortune 500 list having been founded in the previous fifteen years (Sarasvathy, 2001, p.44) . Early-stage firms have been shown to contribute more to job creation than their larger, older counterparts (Haltiwanger, Jarmin & Miranda, 2013, p. 355-356; Haltiwanger, Jarmin, Kulick & Miranda, 2016, p.29 ). These early-stage "start-ups" grew by 75.6% in 2016, five percent faster than they did in 2015 (Morelix & Russel-Fritch, 2017, p.6) . Increasing access to technology and the emergence of new industries such as artificial intelligence and robotics are also opening new pathways for entrepreneurial activity (Ortmans, 2016) . In the United States, participation of women and members of ethnic minorities in entrepreneurial activity is also increasing (Buchanan, 2016 ).
An interesting development in the entrepreneurial landscape is the growing number of designers who are engaging with entrepreneurship (Grayson, Lee & Dillon, 2016, p.10; Maeda, 2016, p.10; Startup Muster, 2017, p.11; Startup Muster, 2018, p.16) . Be it as contractors, consultants, educators, decision-makers, founders or (Alvarez & Barney, 2007, p.12) . This focus on a bias for action is present in key definitions of entrepreneurship. These include "[…] the pursuit of opportunity beyond resources controlled" (Professor Howard Stevenson, cited in Eisenmann, 2013) , and the way that entrepreneurs' attitudes towards opportunities are described by Steve Blank, one of the pioneers of the "lean start-up", an experimental, feedback-driven and iterative method for innovation that became popular in the mid-2010s (Blank, 2013) :
[…] everybody has an idea. [...] number one is: do you have curiosity? Number two is: does it translate to imagination? But number three is: did it translate to action? That's the difference between someone with an idea and someone who is an entrepreneur. Are you willing to actually take that action? (Steve Blank, cited in Nickisch, 2017) One current theory around the formation of entrepreneurial states that "opportunities are objective realities that exist in the environment and are discovered due to the unique characteristics of individual entrepreneurs", a product of market inefficiencies and only exploitable by individuals who are specifically suited to perceive them (Shane, 2000, p.467; Suddaby et al, 2015, p.3; Venkataraman, 1997, p.121) . This is Another, more recent, theory is that "opportunities are ultimately determined, not in an exogenous fashion by the external environment, but rather in an endogenous way, through the creative imagination and social skill of the entrepreneur (Suddaby et al, 2015, p.3) . In other words, rather than being discovered, opportunities are created by entrepreneurs who engage in an iterative learning process based on interactions with the environment (Alvarez & Barney, 2007, p.11-12) . This process has also been referred to as 'effectuation', where entrepreneurs "take a set of means as given and focus on selecting between possible effects that can be created with [those] means" (Sarasvathy, 2001, p.245) ; 'entrepreneuring', where entrepreneurship is described as a verb, a creative social process and "one of the most inventive human activities" (Steyaert, 2007, p.453; 472) ; and 'reflexivity', where "opportunities are generated by reflection on the possibility of new and creative social realities" (Suddaby et al, 2015, p.6) . Suddaby et al, 2015, p.7-8 .
Imprinting Construct -Discovery Thesis Reflexivity Construct -Creation Thesis
Environment "The discovery thesis of entrepreneurial opportunity contains an inherent assumption that the external environment is both distinct from and more agentic than the entrepreneur" (p. 7)
"In the creation thesis, the boundary between entrepreneur and environment is less distinct and the degree of agency between entrepreneur and environment is more evenly distributed" (p.7)
Time "an isolated episodic influence" (pp. 7-8) "an iterative [...] ongoing interaction" (p. 8)
Epistemological Emphasis
"Concrete practices and objective experiences" (p. 8)
"Subjective and interpretive inner world" (p.8)
Level of Analysis
"Individual or group focus" (p. 8) "Industry or organisational field" (p. 8)
business. This activity became known as "design promotion", and has focused on demonstrating design's contribution to national competitiveness, increasing demand for the discipline among small businesses, incorporating design in the innovation processes of established firms, and government support for, and acquisition of, design services (Raulik-Murphy, 2010, p.48-49) .
Design promotion is not new, and began in earnest during the post-World War II period (Raulik-Murphy, 2010, p.18; 101-102) . One example is the development of the design discipline at the HfG Ulm (Bonsiepe & Cullars, 1995, p.15) , which "championed the insertion of design into the industrial process, and discarded all artistic or decorative speculations about design activity" (Fernandez, 2006, p.4) . Another example is the revised definition of industrial design put forward by the World Design Organisation, formerly International Council of Societies of Industrial Design (ICSID) and one of the world's leading design promotion organisations, which states that:
Industrial Design is a strategic problem-solving process that drives innovation, builds business success, and leads to a better quality of life through innovative products, systems, services, and experiences. Industrial Design bridges the gap between what is and what's possible. It is a trans-disciplinary profession that harnesses creativity to resolve problems and co-create solutions with the intent of making a product, system, service, experience or a business, better. At its heart, [design] provides a more optimistic way of looking at the future by reframing problems as opportunities. It links innovation, technology, research, business, and customers to provide new value and competitive advantage across economic, social, and environmental spheres. (WDO, 2019) .
From the above definition, it seems that the design discipline has made concerted efforts to move beyond the object into the realm of systems and organisations. It seeks to transition from a problem-oriented view to an opportunity-seeking perspective motivated by the desire to create value.
Arguably one of the most successful design promotion initiatives has been the proliferation of design thinking. This suite of methods has recently gained popularity as a way to facilitate adoption of design processes among non-designers. Although this concept was first described fifty years ago (Simon, 1969) , it rose to prominence as an approach to innovation during the mid-2000s (Johansson-Sköldberg, Woodilla, & Çetinkaya, 2013, p.123) . The concept itself currently holds many definitions, ranging from the generic 'what designers do' (Carr, Halliday, King, Liedtka and Lockwood, 2010, p.62) ; through the strategic 'approaching management problems as designers approach design problems' (Dunne and Martin, 2006, p. 512) ; to the transdisciplinary:
Design practice [...] used beyond the design context, for and with people without a scholarly background in design, particularly in management' (Johansson-Sköldberg et al, 2013, p.123) This definition, which does not describe the traits of design thinking, highlights the intended impact of bringing managers and people from the business world into the design process as active participants. Given the growth and contribution of entrepreneurial activity to the global economy, design promotion that inserts design practitioners into the entrepreneurship ecosystem could provide an interesting new horizon for the discipline.
Design Thinking and Entrepreneurial Competencies
A clearer approach to understanding design thinking and the role it can play in entrepreneurship and entrepreneurial opportunities may be to categorise its characteristics. One such categorisation, stemming from the management discourse (Hassi & Laakso, 2011, p.5-10) , states that design thinking includes:
• Practices closely related to concrete activities and ways of working;
• Thinking Styles and methods of processing information cognitive processes; and • Mentalities in individuals and as part of an organisational culture.
For the purposes of this study, Thinking Styles and Mentalities will be referred to as "Cognitive Processes" and "Mindsets" respectively. Collectively, they will be referred to as "traits". These traits have been described through various lenses (Hassi & Laakso, 2011; Hehn, Uebernickel & Herterich, 2018; Micheli, Wilner, Bhatti, Mura & Beverland, 2018; Razzouk & Shute, 2012; Sanders & Stappers, 2008; Tschimmel, 2012 ; among others), leading to extensive lists of methods to be used at different stages of an innovation process. Recently, Micheli et al (2018) have synthesised these lists into ten core components. Their synthesis presents traits not explicitly included in Hassi & Laakso (2011) . These traits have been integrated with Hassi & Laakso's (2011) categorisation to develop a list that, although not definitive, provides an overview of the elements of design thinking that may be present in the formation of entrepreneurial opportunities. The final list of practices (p), cognitive processes (c) and mindsets (m) of design thinking used for this study, with a brief definition and corresponding code for data analysis, is provided below (see Table 2 ). Hassi & Laakso, 2011 and Micheli et al, 2018) .
Human-centred Approach Putting people first, achieving a deep and empathetic understanding of the customer and other key stakeholders.
p2
Thinking by Doing Creating and developing knowledge iteratively, through practical, rapid and continuous prototyping.
p3
Visualising Using concrete representations of abstract concepts, models and ideas to make sense of and communicate them.
p4
Divergence/Convergence Undergoing cycles that broaden and refine scope to explore diverse alternatives and synthesise preferred solutions.
p5
Collaborative Work Style Interacting with a wide range of stakeholders to include a diversity of perspectives when tackling complex problems.
p6 Innovation Successfully implementing novel and useful ideas in organisational or social contexts.
c1
Abductive Reasoning The logical process of moving from what is known to what could be.
c2
Reflective Reframing Identifying, framing and reframing the problem to be solved.
c3
Holistic View Perceiving problems as a system of interdependent structures, patterns and events with functional, emotional, social and cultural elements.
c4
Integrative Thinking Achieving balance between conflicting requirements, such as the technical, commercial and human dimensions of a problem.
c5
Problem-solving Defining and tackling systemic social issues.
c6
Blend Analysis & Intuition Combining perceived patterns with rational evaluation.
m1
Experimental/Explorative Posing questions and exploring constraints in creative ways that push current boundaries and proceed in unexpected directions.
m2
Ambiguity Tolerance Maintaining an openness to uncertainty and accepting it as a natural part of an emerging design process.
m3
Optimistic Assuming that the results of the process will be in some way better than the current situation.
m4 Future-Oriented Anticipating and visualising new scenarios and situations.
m5
Tolerance of Failure Perceiving failure as a necessary element in the process of learning about the problem that is being addressed.
These traits of design thinking provide an overview of the competencies used in solving design problems. Of note is their parallel with the traits described in the opportunity creation theory and their similarity with entrepreneurial competencies, or those that are used by entrepreneurs "to begin or transform organisations, [adding] value through their organising of resources and opportunities" (Mitchelmore & Rowley, 2009, p.96) .
These competencies are said to be distinct from those required for business administration or management (Morris, Webb, Fu & Singhal, 2013, p.355) . A list of 13 entrepreneurial competencies, developed through a multi-round Delphi study with both academic experts and successful entrepreneurs (Morris et al, 2013) , is provided below (see Table 3 ). As with the traits of design thinking, these have been given simple codes for later use in data analysis. Opportunity Recognition Perceiving changed conditions or overlooked possibilities in the environment.
e2
Opportunity Assessment Evaluating opportunities to accurately determine their relative attractiveness.
e3
Risk Management and Mitigation
Taking actions that reduce the probability or impact of a risk.
e4
Conveying a Compelling Vision
Conceiving and articulating an image of the future that empowers followers.
e5
Tenacity/Perseverance Sustaining goal-directed action in the face of difficulties and obstacles.
e6
Creative Problem-solving Relating previously unrelated variables to produce novel and useful outcomes.
e7
Resource Leveraging Accessing resources not owned or controlled to achieve personal goals.
e8 Guerrilla Skills Employing low-cost tactics not recognised by others to do more with less.
e9
Value Creation Developing new solutions that generate revenue exceeding their costs.
e10
Maintain Focus yet Adapt Balancing strategic direction with actions that improve fit with environment.
e11
Resilience
Coping with stresses or disturbances to thrive in the face of adversity.
e12
Self-Efficacy Maintaining self-confidence regarding one's ability to accomplish a task e13 Building/Using Networks Establishing, developing and maintaining relationships with supporters.
It would seem that these entrepreneurial competencies present interesting parallels with the traits of design thinking described in Table 2 . Some of these possible parallels are highlighted below (see Table 4 ). It is important to note that design thinking does not completely parallel entrepreneurial competencies. This can help in determining where it may be lacking in terms of enabling entrepreneurial action and success.
Design Thinking Impacts on Entrepreneurship
In its attempts to transition from the cosmetic to the strategic, the design discipline and design thinking have had well-established positive impacts on the performance of private enterprise (e.g. Dunne & Martin, 2006, p.512; Hertenstein, Platt & Veryzer, 2005, p.12-17; Kotler & Rath, 1984, p.17; Maeda, 2016, p.8; Sheppard, Kouyoumjian, Sarrazin & Dore, 2018) . Similar positive impacts have also been perceived in the public sector (e.g. Laboratorio de Gobierno, 2018; OECD, 2017, p.30-33; Sanders & Stappers, 2008, p.3 ; The Australian Centre for Social Innovation, 2018). Although these impacts focus on established organisations, the effects of design on the processes associated with entrepreneurship are only recently being explored. There is currently little research into how design thinking may come into play during the process of forming an entrepreneurial opportunity.
This is of interest due to the increasing participation that design and designers have had in the entrepreneurial economy. In 2016, 21% of "unicorn ventures", defined as "entrepreneurial ventures with a valuation of a billion dollars or more" (Fan, 2016), had designers on the founding team (Maeda, 2016, p.10 ). An example of this is AirBnB, founded in August, 2008 by two designers and a computer scientist. In March of 2017, the company secured over USD1 billion of investment based on a valuation of USD31 billion (Thomas, 2017) . To put this in perspective, Marriott International Inc., one of the world's largest hotel chains, founded in 1927 and owning over 4200 hotels, has a market capitalisation of approximately USD35 billion (New York Stock Exchange, 2017), only USD4 billion greater than that of AirBnB. In 2016, a report on the role of designers in the global technology entrepreneurship industry found that 31% of 400+ companies surveyed had a founder with a design background (Grayson, Lee & Dillon, 2016, p.10) . In Australia, a study into the state of the local entrepreneurship ecosystem found that 15% of ventures surveyed had graphic design skills present on the founding team, with 20.4% having user experience design skills (Startup Muster, 2017, p.11) . A year later, these numbers had increased to 17% and 21.4% respectively (Startup Muster, 2018, p.10).
Designers are not only taking part in the entrepreneurship economy as founders. They are also increasingly sought after as contractors, ranking second only to accounting (Startup Muster, 2018, p.16) . They have also been recruited to take on roles in venture capital firms (Maeda, 2016, p.11) , and established funds that invest only in entrepreneurial ventures with designers on the founding team, such as The Designer Fund, founded in 2011 by a "guild" of successful design entrepreneurs (Designer Fund, 2016) .
Design Thinking and the Formation of Entrepreneurial Opportunities
Why is the design discipline, traditionally associated with product development and visual communication, having such a sizable impact on the entrepreneurial economy? One possible explanation may be that the aforementioned practices, cognitive processes and mindsets that comprise design thinking provide a set of tools that can help in the formation of entrepreneurial opportunities.
One example is "abductive reasoning", which has been said to sit at the core of design thinking (Dorst, 2011, p.522-524) . This cognitive style is defined as "the process of forming an explanatory hypothesis […] the only logical operation which introduces any new idea" (Peirce, 1960) . People trained in design use complex forms of abduction that has been said to be particularly useful when tackling open-ended or 'wicked' problems (Dorst, 2011, p.523-524) , defined as:
[…] a class of social system problems which are ill-formulated, where the information is confusing, where there are many clients and decision makers with conflicting values, and where the ramifications in the whole system are thoroughly confusing' (Rittel, cited in Buchanan, 1992, p.15) .
Wicked problems present similar characteristics to the "opportunities as objective phenomena" described in the entrepreneurial opportunity discovery theory (Suddaby et al, 2015, p.3) . Additionally, designers' ability to use abductive reasoning and 'framing', or 'the creation of a novel standpoint from which a problematic situation can be tackled' (Dorst, 2011, p.525; Schön, 1984, p.132) , among other tools, present similarities to the processes through which entrepreneurial opportunities are formed in the opportunity creation theory, including the use of creative imagination, social skill, iterative interactions with and learning from the external environment (Alvarez & Barney, 2007, p.11-12; Suddaby et al 2015, p.3) This study aims to explore the possible relationship between design thinking and entrepreneurship, determining how these practices, cognitive styles and mindsets are used by designers and non-designers in the process of forming entrepreneurial opportunities. It also looks at the visual narratives of successful and unsuccessful founders to gain an insight into which of these tools are beneficial, which have no impact, and which can prove a hindrance to the early stages of an entrepreneurial project. It also seeks to find if there are gaps in the design thinking toolkit, or areas where it is unable to provide support for entrepreneurial action.
Additionally, the project seeks to inform entrepreneurship education with a set of guidelines as to how to better use design thinking frameworks in supporting the formation and development of an entrepreneurial project.
Research Context
The study took place in Chile, which in 2015 had a Total Entrepreneurship Activity (TEA) indicator of 25.9%, putting them in 6 th place of countries that participate in the Global Entrepreneurship Monitor (GEM) study (Kelley, Singer & Herrington, 2016, p.65) . In 2018, this number fell slightly to 25.1%, but the country rose in ranking to 3 rd place (Bosma & Kelley, 2018, p.72) . Entrepreneurial Intentions, defined as "the effort that a person will make to carry out entrepreneurial behaviour" (Liñán & Chen, 2009, p.596) are also high, with 50% of Chilean GEM respondents expressing that they believe the conditions to start a business are favourable, placing the country in 3rd place overall. Entrepreneurs in Chile also state that their products are new to their market or to that of their competitors, and Chile ranks 1st in terms of innovation (Kelley et al, 2016) . Design however, has a similar situation to Australia, with between 62% and 70% of recent graduates finding employment in the field, and at fourth year of practice are receiving average wages between CLP4.8m and CLP17.7m per annum (Ministerio de Educación, 2018), roughly equivalent to EUR6.4k and EUR23.7k respectively. In 2018, entrepreneurship was seen as an attractive career path by 76.1% of respondents (Bosma & Kelley, 2018, p.72 ).
This context is of interest as it combines high TEA with low remuneration for design professionals. Given the right mechanisms for designers to access capital, Chile could present a fertile context for opportunity-driven design entrepreneurship to flourish.
Methodology
In seeking to recognise how design thinking may contribute to, hinder, or fail to support the formation of entrepreneurial opportunities, a "visual narrative" approach was taken. This approach aimed to capture descriptions of the sequence of events and activities that took place in the process of forming an entrepreneurial opportunity. The goal of these visual narratives was to allow for the mapping of procedures, methods and specific tasks undertaken by the entrepreneur in the conception of their venture, identifying whether these included any design thinking traits. Based on the nature of the experiences described in the narrative, a qualitative assessment was made to determine whether specific traits had a positive or negative impact on the formation of the opportunity. To determine where design thinking may fail to support this process of forming an entrepreneurial opportunity, the presence or absence of entrepreneurial competencies was also mapped.
Due to the complex and unique nature of each opportunity formation process, this exploratory visual narrative approach drew upon Sutrisna and Barrett's (2007) use of rich picture diagrams to gather case studies in the field of construction projects. Rich picture diagrams are a pictorial representation that surfaces processes, relationships, people, tasks, environmental factors, interests and other aspects of a situation (Avison et al, 1992, p.298) . Based on Lawson's (2006, p.26-27; 266) concept of "Design by drawing", which highlights designers' use of visualisation techniques as part of a thinking process, it was assumed that this visual narrative approach would enable entrepreneurs with design backgrounds to effectively describe their experience of conceiving a venture.
Participant Selection
In order to be eligible for the study, participants must have been part of the founding team of a venture that has had at least 2 years of history. For the purpose of this study, ventures are defined as:
'a daring undertaking in the public, private or academic context, using resources beyond the immediate control of the founding team, to create value for a range of stakeholders' (adapted from Oxford Dictionary, n.d.; Shane, 2000; and Stevenson, cited in Eisenmann, 2013) .
Fourteen participants were recruited through the researcher's personal networks. Participants were divided into four categories based on two criteria:
Successful (S) / Unsuccessful (U)
This criterion divided participants into those whose ventures were functioning sustainably or had achieved significant growth two or more years after their launch, and those whose ventures had not achieved significant growth or had been discontinued before their third year of activity.
Designer (D) / Non-Designer (N)
This criterion divided participants into those with a traditional education in a design disciplinegraphic, industrial, product, fashion, game, interior -and those without said education.
In total, eight Successful Designer Founders (coded SD01-SD08), one Unsuccessful Designer Founder (coded UD01), four Successful Non-designer Founders (coded SN01-SN04), and one Unsuccessful Non-designer Founder (coded UN01) participated in the study.
Data Capture
Data collection took place between the 7 th and 17 th of January, 2019. Data was collected through sixty-to ninety-minute semi-structured interviews. During these, participants were provided with one blank sheet of 110x77cm paper, pencils, pens, markers and highlighters. They were asked to visually describe the process they went through to form the opportunity that led to the venture. The audio component of these interviews was recorded for cross-referencing purposes and to assist in analysis of the visual narratives.
Data Analysis
Data analysis took place over several successive stages. The first stage aimed to identify which design thinking traits were present in each founder's visual narrative. Due to the exploratory nature of the study, these were analysed using flexible pattern matching (Sinkovics, 2018) , comparing them to the design thinking traits derived from the literature (see Table 2 ). This analysis was complemented through review of audio recordings to reduce the risk of misinterpreting the visual narrative.
The second stage sought to discern which design thinking traits may have produced an impact on opportunity formation. In particular, an attempt was made to qualify whether these had a high or low impact, and whether said impact was perceived to be positive or had the potential to be negative. Each of the Design Thinking Practices (p1-p6), Cognitive Processes (c1-c6) Mindsets (m1-m5), and Entrepreneurial Competencies (e1-e13) identified in a participant's visual narrative was assessed based on the events described by the participant. Where these traits were present and perceived to make a minor contribution to the formation of entrepreneurial opportunities, they have been coded as 1. When their contribution is perceived to be significant, they are coded as 2. When the component is absent or does not seem to have supported opportunity formation, they have been coded as 0. Where its absence is perceived to have had a negative impact, it has been coded as -1. Where its use is perceived to have hindered or had an adverse effect on opportunity formation, they have been coded as -2.
The third stage focused on the overall results of the study. A comparison of visual narratives was undertaken to identify which traits of design thinking seem to produce a consistent positive impact across ventures. Traits were given a score between -4 and 28. This score was based on their presence in the narratives of successful and unsuccessful ventures and their code from the previous stage. These were reviewed in relation to entrepreneurial competencies to determine whether there were any clear gaps in design thinking's ability to support opportunity formation.
This third stage of analysis was used to synthesise findings and detect patterns from which themes and implications for theory, education and further research could be derived.
Sample Visual Narratives
Fourteen visual narratives were captured during this study. The following section includes a brief overview of four of these ventures, including one from each participant category. Examples of visual narratives are also provided to give insight into the methodology used. Preliminary observations and the presence of design thinking traits and entrepreneurial competencies are included in the description of the narrative. They are later summarised in the Results section of this paper.
Founder DS02 -Adding Value to Industrial Processes through Design
The narrative begins with emphasis on the role of design in the creation of value (e9). The participant, while working in a manufacturing industry, realised that they could improve upon the processes present in their workplace (c2), and offer a service to their employer that would provide improved returns to both (e1). They describe their entrepreneurial process as "basically the design process", which includes stages of divergent interaction with the external environment and convergent implementation to improve industrial processes (p4; p6). They perceive the client firm as "an individual with needs" (p1) and a system (c3). One of the main drivers for entrepreneurial behaviour was the idea of freedom (e12), and being able to control one's own destiny, even if it is a more strenuous career path (e11). Although the venture managed to earn upwards of USD1m per year, it has ceased to operate due to external market conditions. The founder, however, has already started a new venture (m5; e5), and states that their opportunity formation process is both structured and replicable.
Founder DS03 -Recovering Industries through Social Enterprise (Figure 1) The narrative begins with a discussion of the entrepreneur's own career path, which began with the intention to provide "strategic design" which could deliver value to people, companies and communities (e9). While working with microbusinesses in regional Chile, they realise that improved packaging is not enough to help their clients, and that it is possible to offer design "that solves meaningful problems" (c2; e10). They undertake further studies, and find "lost industries" which could be recovered to improve the quality of life of local communities (e1). Drawing upon the resources of their university (e7), they interact with the community (p1) to develop a small-scale experiment (p2; p3) to help connect microbusinesses with design capabilities (c4). From this experiment they then develop a model that continues to operate and grow, has produced communication material (e4) and is expanding into other regions. They highlight the importance of collaboration with other disciplines (p5) and the use of learning loops (p2) of varying scope (p4).
Founder DU01 -Integrating Traditional Crafts with Digital Technologies
This founder commences by explaining that towards the end of their design degree, they attempted to keep multiple options open, including academic work, employment and entrepreneurship as possible career paths (m1). After careful consideration, they choose entrepreneurship (c2), and begin by tackling an opportunity that takes advantage of burgeoning digital manufacturing technologies (e1). This venture does not achieve a sustainable client base (-e2). This does not deter them from pursuing an entrepreneurial journey (m5). The second venture aims to combine traditional crafts with advanced manufacturing (c4). Their main goal is to "recover appreciation for crafts", and approach the project from an intuitive, explorative mindset (p2; c6), with heavy use of prototyping (p3). The main obstacle they express is a lack of commercial motivation, and it is implied that they have not engaged with other disciplines to facilitate administrative tasks (-p5). They do not pursue capital (-e7), and the venture maintains an informal status. They express that they are yet to experience success or perceive a path forward (-m3; -m4), as they have been unable to dedicate themselves fully to the venture (-e5).
Founder NS04 -Improving User Experience of Environmental Accounting (Figure 2) The founder, an academic and a practitioner, begins their journey with an interest to participate in the changing industrial landscape that results from increased awareness of sustainability (e1; m4) . This did not initially have a commercial incentive, but rather a desire to experiment and "play business" (p2). From initial development of a prototype that could improve user experiences when measuring environmental impact (p1; p3; e9), collaboration with a close tie (p5) and their network of clients (e7) led them to start a company. During development of the company, a conflict arises within the founding team (-e13), which is promptly overcome (e5) and leads to a reframing of both the venture's value proposition and structure (c2). The product is developed continuously (p2) and intuitively (c6). The venture has obtained significant funding in the form of government grants, and now represents an opportunity for the founder to extend the reach and impact of their teaching (c4; e8).
Founder NU01 -Rescuing Heritage through Collected Artefacts
This founder's journey begins with a personal family experience that involves the loss of all belongings. This leads them to seek to fill a personal void through collections of historical objects. They then pursue a fine arts degree, and through their creativity (c1), personal vision (e4; p3) and a work ethic (e12), are invited to become part of the local film industry. They perceive an opportunity to provide a service to said industry (e1), but have a difficult time separating the initial need for collecting with the possibility of creating a valuable service (-c3; -e2; -e9) . The business becomes reliant on their other sources of income. Although there is a strong desire to make the venture a success, the main struggle is overcoming the need to use it as a vehicle to "construct a personal identity through artefacts" (-p1; -e5). 
Results
The following section contains findings and observations based on the visual narratives, audio recordings and interview notes. Appendix i provides a summary of the design thinking traits present in participants' visual narratives. The presence of entrepreneurial competencies y available in Appendix ii.
General Findings
Each design thinking trait has been given an indicative score and ranked according to its presence in the narratives of successful founders. Based on this ranking, traits have been attributed a level of impact: high, moderate, low or potentially negative. Traits that were not present in four or more narratives, or whose impact seems negligible, have been omitted. It is important to note that these rankings should not be interpreted as quantitative or predictive. A synthesis of these observations is provided in Table 5 . (m5), which is predominantly represented in designer founders' narratives; and Blending Analysis and Intuition (c6), which has greater representation in the narratives of Non-designer founders.
To identify areas where the traits of design thinking failed to support the formation of opportunities, a similar process was undertaken with the thirteen entrepreneurial competencies. In this case, competencies were highlighted when having a high presence or a low presence. Synthesis of observations is provided in Table 6 . 
Emerging Themes
From analysis of the visual narratives, it is possible to detect themes and patterns that emerge from the data. These are described below.
Interdisciplinary Collaboration is Critical (p5; e13)
Successful entrepreneurs recognise their skill gaps and seek to form collaborative arrangements with people from other disciplinary backgrounds. This occurs early in the opportunity formation process. This seems to contribute to a venture's longevity, as collaborators extend the founder's networks and impact of the project. Unsuccessful founders were either unaware of the possibility of collaboration, unfamiliar with the mechanisms of collaboration, or did not seem willing to engage with the expertise of people from other backgrounds.
Opportunities are formed by Doing and Reflecting (p2)
Consistent with the bias for action present in definitions of entrepreneurship, successful entrepreneurs from both categories show high degrees of learning through practice. They highlight successive stages of venture development that are characterised by low cost trials and use of prototypes to refine the venture concept. Sometimes these trials take several years and occur over several distinct entrepreneurial opportunities, with the learnings from each providing the necessary reflection and reframing of the problem for the next.
Human-centred Approaches are better when Holistic (p1; c3)
Successful founders from both design and non-design backgrounds highlight their use of continuous observation of the context in which they are executing the venture. This is particularly effective when coupled with a holistic view, including individuals, organisations, industries and regions in their identification of "user groups". Participants whose motivations were centred on personal development tended to have a harder time forming or evaluating opportunities. In these cases, there was little mention of a client, customer or consumer, and the project focused on developing a product or using a particular technology.
Tenacity can be a drawback if Opportunity Assessment is lacking (e5; e2)
Data analysis suggests that opportunity assessment is not as common as opportunity recognition. This leads to opportunities being pursued beyond the possibility for them to provide value. Successful entrepreneurs mention failure as part of their process, moving on to other opportunities over time. Unsuccessful entrepreneurs do not seem to have the ability to perceive the point at which a venture should not be continued.
Value Creation, when explicitly stated as a goal, is a factor for success (e9)
One of the most consistent aspects of successful founders from both backgrounds was a clear articulation that the purpose of their ventures was to create value, either for themselves, a customer, an industry, or society more generally. Unsuccessful founders did not mention the concept of value, regardless of the depth of their understanding of the concepts and frameworks of design thinking. It would seem that value, although a core component of innovation that is present in definitions of the design discipline, it is not an obvious concept.
Guerrilla Skills are widespread; Resource Leveraging is limited (ec8; ec7)
Although guerrilla skills and working in a clandestine manner to access low-cost resources were present in the narratives of entrepreneurs from both design and non-design backgrounds, it seems that designers are less aware of how to leverage resources. Successful design entrepreneurs understand mechanisms to access capital, such as government grants or debt, but the majority were not aware of concepts such as equity or fundraising. There seems to be a negative connotation to the concept of commercialisation, and having an initial profit motive is rarely described.
Discussion, Implications and Limitations
This exploratory study set out to answer the question of how the traits of design thinking may contribute to, hinder, or fail to support the formation of entrepreneurial opportunities, with a specific interest in how design thinking can be used to support development of entrepreneurial competencies among designers. Although the limited sample size and geographic scope of the study prevent a definitive statement on the ability of these traits to predict success, data analysis suggests that some traits have the potential to produce a greater positive impact than others. This provides an interesting set of directions for further exploration and testing of these finding in other contexts.
Implications for Theory
The study did not find any design thinking traits to have a consistent hindering effect on opportunity formation. On the other hand, Collaborative Work Styles, Thinking by Doing and Reflective Reframing seem to have the greatest positive contribution to the formation of an opportunity. These traits parallel concepts from the entrepreneurial literature, such as bricolage (Fisher, 2012 (Fisher, , p.1026 (Fisher, -1028 the lean startup (Blank, 2013) and hypothesis-driven entrepreneurship (Eisenmann, Ries & Dillard, 2012 ).
An empathetic Human-centred Approach, commonly associated with design thinking (e.g. Brown, 2008) , is not enough to ensure success. It is when this approach is combined with a Holistic View, perceiving organisations, industries and societies as "human", that it leads to greater outcomes. This is complemented when an Integrative view is present, considering technological and economic requirements alongside human needs. As above, this is also consistent with entrepreneurial literature. In particular, the dynamic systems perspective of an entrepreneurial firm, such as the concept of the business model (Zott, Amit & Massa, 2011; Osterwalder, 2004) , and its recognition of customers, partners, activities and revenue streams as interconnected components of a venture's logic-flow (Frow & Payne, 2011; Osterwalder & Pigneur, 2010) .
With regards to the shortcomings in design thinking's ability to support opportunity formation, there were several entrepreneurial competencies that were underrepresented, such as Resilience and Opportunity Assessment. Others, such as Value Creation and Resource Leveraging, were not widely present but showed an important contribution to venture success. It may be that Value Creation, abstractly embedded in the Humancentred approach and Innovation, needs to be more concrete and explicit in definitions of design thinking traits. One possible approach, drawing on the field of innovation, is to make the concepts of customer jobs (Bettencourt & Ulwick, 2008) , jobs-to-be-done (Christensen, Hall, Dillon & Duncan, 2016) , or the value proposition (Kambil, Ginsberg & Bloch, 1996; Osterwalder, Pigneur, Bernarda & Smith, 2014) into the design thinking lexicon.
The parallels between design thinking traits and entrepreneurial competencies are numerous, making it difficult to discern which of the two was present in individual narratives and the overall data set. Examples of this are: Tolerance of Failure (m5) vs Resilience (e11); Abductive Reasoning (c1) and Problem-solving (c5) vs Creative Problem-solving (e6); Future-Oriented (m4) vs Conveying a Compelling Vision (e4).
This leads to perhaps the most meaningful implication from this study: surfacing the overlap between design thinking and opportunity formation. This seems to signal a convergence in theory between the broader disciplines of design and entrepreneurship. This convergence is echoed in practice through the increasing participation of designers in the global entrepreneurship ecosystem.
Could this lead to a further evolution in the field of entrepreneurship, towards an interdisciplinary field of "design entrepreneurship"? Rather than focusing on the entrepreneurial opportunity, perhaps this field could assist in addressing the need for frameworks that enable the transition from opportunity to project (Klein, 2008, p.181) . From this, possible avenues for further inquiry could be to explore and define the boundaries of design entrepreneurship as a field of research, and how the traits of successful design entrepreneurs could assist in the development of methods for entrepreneurial action.
Implications for Education
The previously described overlaps between design thinking and the formation of entrepreneurial opportunities provide valuable encouragement for the development of entrepreneurship programs in design education.
There are a several existing conceptual approaches, such as Laukkanen's (2000) Business Generation Model, and practical programs that have done this to achieve positive outcomes, such as Aalto University's IDBM Challenge (Lehtonen et al, 2018) . Building on their work, and drawing from the findings and themes that emerged from this study, here are a few basic propositions that focus specifically on using design thinking to develop entrepreneurial competencies:
1. Foster Interdisciplinary Collaboration: create contexts that enable designers to begin engaging with representatives of other disciplines or industries early in their studies or careers; 2. Make Entrepreneurship Continuous: incorporate the concept of the entrepreneurial opportunity in every project. Include assessment of those opportunities at each stage, ending those with low chances of success. Celebrate the end of each project as an important chance to reflect on and integrate learnings into the pursuit of a subsequent opportunity.; 3. From Individuals to Social Systems: ensure that designers perceive whole systems as their end users.
Encourage them to visualise the connections and flow-on effects of designing for each component of those systems; 4. Value Creation should be a Persistent Message: coupled with the systems view, designers should be constantly reminded to describe their work not as a collection of features, but as a collection of benefits delivered to a wide range of stakeholders. Designers should be encouraged to measure those benefits in terms that are relevant to said stakeholders. 5. Pitching for Funding should be part of the Design Process: incorporate activities that involve acquiring resources from third parties from early on in their training. This could start small, such as B2C sales, but should build up to understanding a range of different funding sources, including crowdfunding, grants and venture capital. As with all design, this will be best learnt by doing.
Limitations & Further Research
Although exploratory in nature, this study possesses many limitations.
The major limitation of the present study is its reduced sample and limited geographic scope. The disparity in the number of successful and unsuccessful founders interviewed is due to both a limited timeframe for data collection and the difficulty in ex-post identification of unsuccessful ventures. Additionally, unsuccessful founders who had not initiated a subsequent venture were excluded for ethical reasons. Further research should aim to increase this scope, both geographically and in the number of unsuccessful opportunities whose visual narratives are captured. Of interest would be exploration of different cultural or industrial contexts to identify whether these have an effect on the opportunity formation process. Additionally, it would be of value to look at how design thinking is present in the processes of other specific disciplines, such as engineering, social sciences, art, etc.
The data collected suggests that success is not a binary variable, but rather a spectrum of achievement. Successful entrepreneurs, in particular those that had obtained government funding or revenue through their ventures, did not consider said achievements as measures of success. They were described as means to an end. Failure was similarly described. Success may not be a fixed state, with "successful" entrepreneurs perceiving themselves as being in a constant cycle of achievement and disappointment, with each experience providing insights and lessons to be implemented in the next iteration of the venture. This would require a new categorisation of research participants and a different data analysis technique. One possibility would be to develop a simple survey that could help to characterise the subjective level of success of a venture, complemented with quantitative metrics such as revenue, staff and third party use of intellectual property created by the venture. This could help with comparison and situating participants along the "success spectrum".
A third limitation is the "visual narrative" and accuracy of data collection and analysis it affords. An unexpected outcome was that no participant, regardless of background, was discouraged by the prospect of visualising their entrepreneurial journey. The overlapping of concepts and interpretive nature of the flexible pattern matching both made it difficult to ensure that design thinking traits were comprehensively identified with an adequate assessment of their positive or negative impacts. Three possible improvements could be made for future studies. The first is further synthesising the design thinking and entrepreneurial competencies, avoiding redundancies that could lead to coding errors. Examples include the nuanced distinctions between Problemsolving (c5) and Innovation (p6) or Optimistic (m3) and Tolerance of Failure (m5). The second would be to structure the interviews in stages from the design thinking literature. For example, Inspiration, Ideation and Implementation (Brown, 2008, p.5) . This would help to clarify which design thinking tools are best suited to each of these stages. Finally, limiting the diversity of visualisation materials to improve legibility, and embedding coding tasks in the interview itself through use of colour by the participant would reduce researcher bias in determining positive and negative effects of tools in the study.
Conclusions
The present study set out to contribute to an understanding of the role that design thinking plays in the formation of entrepreneurial opportunities. Through a visual narrative method, it was possible to capture rich picture diagrams about the experiences of fourteen founders from a range of backgrounds and industries.
From this study, it is possible to say that most of the practices, cognitive processes and mindsets of design thinking have the potential to facilitate the formation of entrepreneurial opportunities. The most important impacts were produced through collaborative workstyles, thinking by doing and reflective reframing. The human-centred approach also produced a positive impact when combined with a holistic view of social and industrial systems. A key aspect that could be further emphasised in design thinking is the importance of value creation for stakeholders, including the founders themselves. Designer founders seemed to lose focus of potential returns and as such may be inadvertently limited in the scope of the opportunities they form. This could be addressed by also highlighting the importance of resource leveraging, specifically accessing capital markets, as this could increase the ambition and impact of opportunities formed. The study also finds interesting parallels between the fields of design and entrepreneurship that could lead to interesting interdisciplinary research opportunities.
